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For comparative gel filtration analysis, an eGFP-tagged version of Xenopus kinesin-5 Eg5 (His 6 -Eg5-eGFP) was purified essentially as described (5) using the following buffers: the lysis buffer contained 50 mM K-phosphate, 250 mM KCl, 5 mM imidazole, 1 mM MgATP, 10 mM ME, pH 7.5 and protease inhibitors; the wash buffer consisted of 50 mM K-phosphate, 250 mM KCl, 5 mM imidazole, 0.1 mM MgATP, 10 mM ME, pH 7.5. The protein was eluted with wash buffer supplemented with 300 mM imidazole, the proten containing fractions were pooled, buffer was exchanged to a wash buffer devoid of imidazole, then supplemented with 20% glycerol and snap-frozen in liquid nitrogen.
For control experiments (single molecule intensity distributions), a truncated version of Drosophila kinesin-1 fused to mGFP (Kin 401 -mGFP) was purified as described (6) , with the following modifications:
the purification buffers contained 150 mM NaCl (instead of 100 mM). The protein was gel filtered on a Superose 6 10/300 column in storage buffer comprised of 20 mM HEPES, pH 7.0, 150 mM NaCl, 0.5 mM MgCl 2 , 5 mM ME, 10% (w/v) sucrose. The protein eluted at a K av of 0.45, consistent with a dimer. Pig brain tubulin was purified as described previously (7) and labeled with Alexa Fluor 568-Nhydroxysuccinimide (NHS; Invitrogen), Alexa Fluor 647-NHS (Invitrogen) or biotin-NHS (Thermo Fisher Scientific) (8) . N-ethylmaleimide-GMP-CPP-tubulin (NEM-tubulin) was prepared as described (9) . Tubulin concentrations refer to dimers.
To prepare long polarity marked microtubules, in a first step long dimly fluorescent microtubules were polymerized for 2 h at 37°C from 2.11 µM unlabeled tubulin, 0.15 µM of Alexa568-or Alexa647-labeled tubulin in the presence of 0.5 mM GMP-CPP (Jena Bioscience) in B80 (80 mM PIPES, 4 mM MgCl 2 , 1 mM EGTA, pH 6.8). Long dimly fluorescent and additionally biotinylated microtubules were prepared in the same manner, however in the additional presence 0.4 µM biotinylated tubulin and a reduced concentration of 1.66 µM unlabeled tubulin. Microtubules were sedimented by centrifugation at 227,000 g for 7 min at 37°C. In a second step, a short bright fluorescent microtubule plus end was generated by subsequent incubation for 15 min at 37°C in bright elongation mix consisting of 1.5 µM NEM-tubulin, 0.75 µM unlabeled tubulin, 0.75 µM Alexa568-or Alexa647-labeled tubulin and 0.2 mM GMP-CPP in B80. Polarity marked microtubules were then sedimented at 20,800 g for 7 min at room temperature and resuspended in warm B80 containing 40 µM taxol. Short polarity marked microtubules were obtained by polymerizing from 3.73 µM unlabeled tubulin and 0.3 µM of Alexa568-labeled tubulin in the presence of 0.5 mM GMP-CPP in B80 for 1 h at 37°C followed by pelleting and incubation in bright elongation mix as described above.
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Comparative gel filtration analysis
Affinity purified recombinant Cin8, Cin8-mGFP, Cin8 871 -eGFP-His 10 and His 6 -Eg5-eGFP were incubated in GB buffer and loaded on a Superose 6 10/300 which was pre-equilibrated with GB. In order to verify the stability of the tetrameric state of Cin8-mGFP, pooled peak fractions of already gel filtered protein were subjected to additional rounds of gel filtration via Superose 6 10/300 in different buffer conditions: (a) column was pre-eqilibrated with GB; (b) column was pre-eqilibrated with GB lacking Brij-35; (c) protein sample was first rid of Brij-35 by Detergent Removal Spin Columns (Pierce) and then loaded on a gel filtration column pre-equilibrated with GB lacking Brij-35. Proteins from Gel Filtration Calibration Kit HMW (GE Healthcare; thyroglobulin, ferritin, aldolase, conalbumin, ovalbumin) were used as markers.
Flow chamber preparation and TIRF microscopy imaging
Biotin-PEG-functionalized glass and Tris-NTA-PEG-functionalized glass were prepared as described (10) . To generate passivated counter glass, cover glasses were first washed with ethanol, then passivated by drying poly(L-lysine)-PEG on the surface and finally washed extensively with ddH 2 O. For imaging of single Cin8 molecule motility, antiparallel microtubule sliding and microtubule gliding on surfaces with immobilized truncated Cin8, flow chambers were assembled using one functionalized and one passivated glass. For gliding experiments with full-length Cin8, two regular glasses were used to assemble flow chambers. After sample addition to the chamber, TIRF microscopy imaging was performed at 23 ± 1°C using a microscope setup described previously (11) .
Example images are shown as kymographs (time-space plot) or as single frames of a time-lapse movie, except in Fig. 2B , where the channel in which surface-immobilized microtubules were recorded is shown as an average projection of the whole movie.
Single molecule imaging assay
Single molecule imaging of Cin8-mGFP was performed using long polarity marked biotinylated microtubules immobilized on a biotin-PEG-coated glass surface via NeutrAvidin (10) . The final solution was varied between 20-30 pM Cin8-mGFP (depending on the length of polarity marked microtubules) in assay buffer (AB: 72 mM PIPES, 4 mM MgCl 2 , 1 mM EGTA, 117 mM K-acetate, 0.02% Brij-35, 10 mM ME, 2 mM MgATP, 10 µM taxol) supplemented with 100 mM KCl, 0.1% methylcellulose and an oxygen scavenging system (catalase (90 µg/ml; Sigma), glucose oxidase (375 µg/ml; Serva), glucose (1 %)).
Imaging conditions were as described (11) . In short, first an image of the microtubule channel was generated by averaging 10 images of a continuous stream of images of total duration of 1 s (532 nm S5 excitation, 100 ms exposure times), followed by continuous streaming in the Cin8-mGFP channel (488 nm excitation, 100 ms exposure time) for 70 s to monitor the behavior of Cin8-mGFP.
To compare Cin8-mGFP behavior on single microtubules in the presence of ATP or ADP, the same experimental set up was used with the following modifications: Cin8-mGFP concentration was 220 pM or 4.5 nM; either MgATP or MgADP was added to all the buffers at 2 mM final concentration.
In order to determine the single molecule fluorescence intensities of Cin8-mGFP and Kin 401 -mGFP, the experiment was carried out as described (12) . In short, flow chambers were assembled from one ethanolwashed and one poly(L-lysine)-PEG coated glass and washed with AB + 100 mM KCl. Motors diluted in the same buffer were flowed in to allow adsorption of some motors to the uncoated glass surface during a 3 min incubation at room temperature. The unbound motors were then washed out and imaging was performed in AB + 100 mM KCl supplemented with an oxygen scavenging system described above.
Continuous streams (80 to 100 frames) of glass-immobilized single motors were recorded with an exposure time of 100 ms (488 nm excitation). To generate step-wise bleaching curves of single Cin8-mGFP molecules, the experiments were carried out with the following modifications: the concentration of the oxygen scavenger mix was reduced tenfold and continuous streams of 1,400 frames with an exposure time of 100 ms (488 nm excitation) were recorded at maximum laser power.
Microtubule gliding assay
Flow chambers were first washed with AB containing 50 -225 mM KCl, and incubated sequentially for 2 min with β-casein buffer (CB: 1 mg/ml β-casein in AB with 50 to 225 mM KCl) at room temperature and then with the motor mix (10 -250 nM motor diluted in respective CB) on ice for 5 min. After washing with AB containing from 50 to 225 mM KCl, Alexa568-labeled polarity marked microtubules diluted in CB supplemented with oxygen scavenging system (described above) were added. To monitor microtubule gliding propelled by immobilized truncated Cin8 871 -eGFP-His 10 , flow chambers were assembled using one Tris-NTA-PEG glass and one passivated glass (10) . Flow chambers were first washed with GB and then incubated for 10 min at 4°C with the motor protein (66.5 or 266 nM) diluted in GB, then additionally blocked with 10 µM of His 6 -GFP in GB and washed with AB with 150 mM KCl. After washing with AB with 150 mM KCl, Alexa568-labeled polarity marked microtubules diluted in AB with 150 mM KCl and supplemented with 0.1% methylcellulose and oxygen scavenging system were added. Time-lapse images were acquired at 5 s time intervals with 100 ms exposure times (excitation at 532 nm). In case of experiments with lowered ATP concentrations (Fig. S5 ) an ATP regeneration system (creatine kinase, phosphocreatine) was added to the final assay buffer to ensure that the ATP concentrations were kept constant.
Antiparallel microtubule sliding assay
Antiparallel microtubule sliding assays were performed as described (5, 10) . In brief, long Alexa647-labeled, biotinylated and polarity marked microtubules were immobilized on biotin-PEG-coated glass surface via NeutrAvidin, followed by incubation with 4.5 nM Cin8-mGFP in AB supplemented with 100 mM KCl, 4 µM MgATP and 550 µg/ml κ-casein for 1 min, and then with short Alexa568-labeled polarity marked microtubules in AB containing 100 mM KCl and 4 µM MgATP for 5 min. Finally, 4.5 nM Cin8-mGFP was added in AB supplemented with 100 mM KCl, 2 mM MgATP and an oxygen scavenging system (as described above). Time-lapse images were acquired at 6 s time-intervals with 100 ms exposure times (excitation at 488 nm, 532 nm and 639 nm).
Data analysis
Single molecule imaging: The fluorescence signals of single Cin8-mGFP tetramers in the recorded streams were tracked using Kalaimoscope motiontracker software (Transinsight), as previously described (11) . Occasional detection gaps of up to 300 ms caused by blinking were linearly interpolated within the tracked traces.
To generate tracks with correct directionality information, we used the microtubule polarity information from the still images of the polarity marked microtubules, which were recorded just before the Cin8-mGFP streams (see above). Using an interactive Matlab script, the microtubule positions and polarity information were manually annotated (by visual inspection of the polarity marks), yielding a vector for each polarity-marked microtubule with its position and polarity. The individual positions of the twodimensional traces of Cin8 movement were then projected onto a straight line, which was obtained from a fit to the two-dimensional trace using linear regression. For the few traces with only very small displacements, this fit did not produce reliable information about the directionality of movement.
Therefore, we projected these onto a straight line along the microtubule position vector (if the orientation of the trace fit differed more than 10 degrees from the orientation of the microtubule vector). The projected coordinates were then transformed to one-dimensional track coordinates while preserving the microtubule polarity information. The tracks revealed three types of motility behavior: motile Cin8 molecules, molecules that first moved and then stopped at microtubule minus ends after having reached them, and persistently immobile Cin8 molecules distant from microtubule ends. For further analysis, we removed the track segments corresponding to microtubule end-stopping and the tracks of persistently immobile molecules from the dataset in the following manner:
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To identify the segments of traces corresponding to an episode of microtubule end-stopping, we used a segmented function F t
with the total track duration T and the time of the start of end-sticking t 0 . F(t) was fitted to the individual squared one-dimensional traces using least-squares, thereby varying t 0 and searching for the time t 0 for which F(t) produced the best fit. Detected episodes of end-stopping lasting more than 2 s were removed from the traces if the average error of the fit to the 'end-stopping' segment of the trace (t 0 < t < T) was smaller than 0.018 µm 2 . Furthermore, traces with a dwell time of more than 5 s, in which the overall difference in error between the best and the worst fit for t 0 was less than a factor of 2 and which also showed an average error to the 'end-stopping' segment of less than 0.018 µm 2 (for t 0 < t < T), were considered immobile and removed from the data set. In total, 10.8% of the traces were eliminated due to persistent immobility and a further 12.0% of the tracks were shortened to remove end-stopping episodes.
The maximum exploratory range (the furthest excursion of a particle from the position of landing) of each track was calculated as described (13) . The distribution was fitted with a monoexponential decay function using Origin. The first bin was not included in the fit, as short events are underrepresented in the distribution due to the set threshold of a minimal track length of 3 frames. The mean displacement (MD) and mean squared displacement (MSD) curves were calculated from this corrected data set, using nonoverlapping time intervals (14) . The histograms in Fig. S2D show the underlying displacement distributions for time intervals of 0.5 s, 5 s and 20 s. The speed of directional movement was then derived from fits to the MD and MSD curves using the function E(X t ) = v t and E(X t 2 ) = v 2 t 2 + 2D t + offset, respectively, where v is the mean (drift) velocity and D the diffusion coefficient within a stochastic 'driftdiffusion' model (15) , while the offset accounts for the tracking uncertainty. The same model has been used previously to describe the motile properties of single Xenopus Eg5 molecules (16) . A difference in the velocity obtained from fits to a MD and a MSD curve generated from the same data set indicates that the type of directional motility is more complex than assumed by the simple 'drift-diffusion' model. Such a discrepancy can be indicative of several directional motility modes (species).
Single molecule intensity distributions: Analysis was performed with a self-written Matlab script as follows: An average image was created from the first ten frames of a movie. Particles were detected as objects consisting of several pixels with intensities which were two times the standard deviation (of all pixel intensities) above the mean intensity. Objects consisting of only one pixel were removed. For the remaining objects, the mean area intensity was calculated for each frame of the movie and the background in each frame was subtracted locally. The local background was calculated as the mean intensity in a 20 S8 by 20 pixel window around the objects. Only the center quadrant of the movies was used to minimize the influence of uneven illumination within the evanescent field.
Bleaching analysis: Objects were identified as described above. To improve the signal to noise ratio, averaged images were created from six consecutive frames throughout the movie, creating a new movie with 1,400/6 averaged frames. From these averaged frames, the mean area intensity of each object (after local background subtraction) was plotted over time. Traces were inspected manually, and for those cases that showed complete bleaching to the background level, a step-finding algorithm (kindly provided by Jacob Kerssemakers, (17)) was applied. As a consequence of a partly uneven excitation, the presence of noise, frequent fluorophore blinking in combination with multistep bleaching, we did not attempt a complete statistical evaluation of the entire population of all events. Thus the example traces shown in Antiparallel microtubule sliding and surface gliding assays: The individual tracks describing the motility of microtubules propelled by full-length Cin8 were generated by manual analysis of kymographs created with ImageJ (NIH) (18) . If required, the movement due to microscope stage drift was first corrected by Image Stabilizer plugin for ImageJ (K. Li) based on the Lucas-Kanade algorithm for optical flow transformation. The MD and MSD curves were calculated using a self-written MATLAB program, as described previously (5) . Surface gliding assays with truncated Cin8, in which microtubule movements alternated rapidly in direction, were analyzed by automatically tracking the signal of the brightly labeled microtubule plus ends using least-squares patch matching as described (19) and performed using MATLAB. In brief, several microtubules per movie were selected, and the signal patches of the plus ends were segmented using edge detection (20) . The patch centers were determined and used to 'track' the individual patch signals frame-by-frame by finding the best match (least squares of differences) while varying the displacement and rotation parameters of the geometrical transformation of the patch from one frame to the next. The resulting two-dimensional track coordinates [x(t),y(t)] of the patch centers (i.e. microtubule plus ends) were transformed to one-dimensional tracks along the microtubule axis with preserved polarity information. The MD and MSD curves were calculated with a self-written Matlab function (using non-overlapping time intervals) and were fitted to the directional walker ('drift') model Fig. 3C ), the simpler model was preferred. For the models used, fits to MD and MSD curves are expected to yield identical speeds provided that only one species exhibiting directional motility exists (independent of the presence or absence of diffusive episodes or a persistently diffusive species). If however several species exist, the velocities derived from the MD and MSD fits can differ. This is especially expected if two species with opposite directionality co-exist in a population.
For the analysis of the data presented in Fig. 3B -D, the number of microtubules were n 250nM = 265, n 50nM = 133, n 10nM = 198, and the number of track segments yielding instantaneous velocities were n 250nM = 585, n 50nM = 602, n 10nM = 1235. For the analysis of the data presented in Fig. 3E , the numbers of short microtubules were n 250nM = 120, n 100nM = 49, n 50nM = 68, n 10nM = 63, and the numbers of corresponding track segments were n 250nM = 311, n 100nM = 205, n 50nM = 347, n 10nM = 339; the numbers of long microtubules were n 250nM = 145, n 100nM = 52, n 50nM = 65, n 10nM = 135, and the numbers of corresponding segments n 250nM = 274, n 100nM = 152, n 50nM = 255, n 10nM = 896. Only motile microtubules were included in the analysis and the small amount of microtubules adsorbing statically to the surface were discarded (3.6% at 250 nM, 1%
at 100 nM, 2.2% at 50 nM and 2.9% at 10 nM Cin8 of all polarity marked microtubules).
Yeast strains and in vivo epi-fluorescence microscopy
Yeast strains are derivatives of S288c and were constructed using standard PCR-based methods (23) (see Table S2 ). For imaging the localization of Cin8 lacking the nuclear localization signal (NLS), yeast cells expressing cin8∆NLS (24, 25) in its endogenous locus fused to either three consecutive copies of yeast codon-optimized monomeric enhanced GFP (cin8∆NLS-3xmyeGFP) or one copy of yeast codonoptimized enhanced GFP (cin8∆NLS-yeGFP) in a mCherry-tagged tubulin strain background, were used.
Cells were cultured in 3:1 mix of yeast peptone dextrose medium containing additional 0.1 mg/ml adenine (YPAD) and synthetic complete (SC) medium containing 2% glucose in exponential growth phase at 23°C
and adhered to Lab-TekII Chamber #1.5 German Coverglass System dishes (Nalge Nunc International) via concanavalin A (Sigma) for 30 min at 23°C. The attached cells were then washed and incubated with fresh medium containing either DMSO as control or nocodazole (15 µg/ml, Sigma) for 45 min at 23°C
and subsequently imaged within 15 min at 23°C with a Deltavision RT microsope (Applied Precision) as described (26) . Background subtracted average projections of deconvolved stacks are shown in Fig. 4A-B and Fig. S9A . In order to visualize the localization of overexpressed cytoplasmic Cin8 protein, yeast S10 strains expressing mCherry-tagged tubulin and cin8∆NLS-yeGFP from a galactose inducible promoter were used. Cells were prepared for microscopy as described above, with the following modifications: cells were grown in 3:1 mix of YPAD and SC medium containing 3% raffinose in exponential growth phase at 30°C. After washing, the attached cells were incubated at 30°C for 30 min in 3:1 mix of YPAD and SC medium containing 3% raffinose and 2% galactose and DMSO and subsequently imaged at 30°C with a Deltavision RT microscope within 15 min. Average projections of deconvolved stacks are shown in Fig.   S9B .
In order to image the dynamics of cytoplasmic Cin8 and of an established plus end-directed motor on cytoplasmic microtubules, either Cin8 or Kip3 (27, 28) were tagged with 3 tandem copies of myeGFP (monomeric, yeast codon adapted, enhanced GFP) in respective endogeneous loci in a mCherry-tagged tubulin strain background. Since cytoplasmic microtubules in yeast are very dynamic and motile, we overexpressed Kip2 protein, a cytoplasmic kinesin known to stabilize microtubules by targeting Bik1 to the microtubule plus end, in these cells to facilitate the formation of longer and more stable cytoplasmic MTs (29) . Cells were cultured in SC medium containing 3% raffinose in exponential growth phase at 23°C, adhered to small glass-bottomed Petri dishes (MatTek) using concanavalin A as described above.
Afterwards cells were washed, incubated in fresh SC medium containing 3% raffinose and 2% galactose for 20 min at 23°C to induce KIP2 expression and subsequently imaged within 45 min with a Deltavision RT microscope at 23°C. Single plane time-lapse images were acquired at 1.5 s intervals for 90 s for each movie.
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Comparison of in vitro and in vivo imaging of Cin8
The mean value of the maximum exploratory range (defined in Materials and Methods) of individual Cin8 motors as measured in vitro was 0.407 ± 0.004 µm (derived from a monoexponential fit to the distribution, N = 5,000 events) (Fig. S2C) . These measurements were made by continuous TIRF microscopy imaging at a rate of 10 frames per second. The average dwell times of Cin8 were in the range of a few seconds (Fig. 1G) . TIRF microscopy cannot be used for in vivo imaging of yeast microtubules because the majority of microtubules inside the rather spherical yeast cell are not positioned within the evanescent field (reaching from the glass surface ~ 150 nm into the sample). Therefore, widefield epifluorescence microscopy, which has a lower signal to noise ratio and thus requires increased exposure times, was used for in vivo imaging. Because most cytoplasmic microtubules are rather dynamic, it was essential to perform two-color imaging and to capture images both of fluorescently labeled microtubules and Cin8 for which is very different from the highly processive motor Kip3 (Fig. 4D ), which has a dwell time of 3.5 min and an average run length of 11 µm (28) . Both values are over an order of magnitude higher than the same parameters for Cin8. Our observation of fast Cin8 turnover on cytoplasmic microtubules agrees with recent FRAP experiments showing also fast turnover in anaphase spindles (3). These observations are in striking contrast to the apparently persistent, long-lived movement of cytoplasmic Cin8 particles directed away from the spindle pole body towards the cell periphery reported in a recent in vivo study (24) . Shortlived events were not reported in this study, possibly due to lower time-resolution of the experiment.
Because the movement of Cin8 had a speed very similar to the polymerization rate of cytoplasmic microtubules in yeast, it was interpreted as microtubule plus end tracking, potentially resulting of fast plus end-directed movement (24) . In our experiments, such outward-directed movement was not observed. In contrast, plus end localization events were very rare (<1%). Why end tracking was more easily observed in the previous study remains to be resolved. It is, however, interesting to note that both studies demonstrate strong accumulation of Cin8 at SPB-anchored cytoplasmic microtubule minus ends, rather indicative of minus end-directed transport. In addition to the experiments with triple GFP-labeled Cin8 as S12 presented in Fig. 4 and in Ref. (24), we also monitored the localization of endogeneous cytoplasmic Cin8 tagged with only one copy of GFP and its localization after galactose-dependent overexpression, and invariably detected strong accumulation near microtubule minus and not plus ends (Fig. S9) . Furthermore, we could show that this minus end accumulation of Cin8 depended on the presence of microtubules (Fig.   4A-B) . This makes binding of Cin8 to a component of the SPB unlikely since their localization is not affected by nocodazole (30) . Cin8 probably moves to the minus end of microtubules and accumulates there as a consequence of reduced detachment as was observed in vitro. We therefore conclude that it is most likely that in vivo Cin8 displays properties similar to those measured in vitro (Figs. 1-3) .
Bidirectionality of Cin8 in the context of previously studied bidirectional motility
In this study, we have demonstrated that Cin8 is a bidirectional motor and we have established under which experimental conditions Cin8 moves into which direction. We could show that Cin8's directionality of movement depends on motor team size. Our experiments suggest furthermore that the motors in a team need to be mechanically coupled in order to reverse to plus end-directed motility. This implies that the underlying molecular mechanism of directionality switching could depend on certain mechanical constraints (6, 31) , an interpretation which we consider as likely. Elucidating this mechanism in the future will require experimental methods that allow to characterize Cin8's movements with nanometer resolution and to directly measure the load dependence of bidirectional motility. Since the motile properties of Cin8 are unusual compared to previously studied kinesin-5 proteins (16, (31) (32) (33) and to other members of the kinesin superfamily (34), it is likely that such measurements will reveal more complex behavior than previously found for other molecular motors.
Bidirectional microtubule transport by molecular motors has been studied before, however the directional switching of Cin8 differs from the existing descriptions in the literature. For example, it is known that assemblies of mechanically coupled motors can generate spontaneous symmetry breaking leading for example to bidirectional transport or oscillations (for a recent review, see (35)). Classical experiments using a mutant kinesin demonstrated that a motor without any directional preference at the single molecule level can nevertheless produce episodes of directional transport of microtubules in gliding experiments (36) . In these experiments, plus and minus end-directed transport episodes occurred with similar probability and directional switching between them was observed (36) . Various types of theoretical models have been developed to explain how instabilities can arise from such collective motor behavior (37) (38) (39) . In general, instabilities occur in a region of 'negative friction' in the force-velocity relationship of a motor ensemble, a phenomenon which can arise from force-accelerated detachment of motors from the microtubule (35, 40) . In these models, motors can have either no intrinsic directional bias or an intrinsic bias towards one direction. Models considering finite numbers of motors have explained how the S13 switching time between different transport directions increases with motor number, without however changing the overall probability for transport in either one or the other direction (37) . Other types of bidirectional motility are generated by mixtures of different motors with intrinsically opposite directionalities (41, 42) or by immobilised ensembles of one type of motor interacting with antiparallel microtubule bundles (43) . Bidirectional motility of Cin8 as observed in our study differs from previous types of bidirectional motility by a novel dependence of directionality on the overall number of mechanically coupled motors, as our experiments suggest. Individual, freely moving or only few surfaceimmobilized Cin8 molecules tend to move toward the minus end of microtubules, whereas many surfaceimmobilized motors switch to net plus end-directed motility. In an intermediate regime, bidirectional motility with the simultaneous presence of plus end minus end-directed transport events is observed which is reminiscent of previously studied bidirectional movements (35) . A change in preference for minus versus plus end directionality in dependence on the number of mechanically coupled motors, however, represents a novel mechanism for regulation of motor directionality and is conceptually distinct from previously observed types of bidirectional transport. (dashed red line) to the data. Stated errors represent s.e.m. Dotted black lines on B and C are 95% confidence intervals. These experiments demonstrate that untagged Cin8 behaves similarly to mGFPtagged Cin8 (Fig. S6) . Conditions as in Fig. 2 .
Movie S3. Cin8 changes direction depending on the number of microtubule-interacting motors. Example movie of microtubule gliding assay performed at 250 nM, 50 nM and 10 nM Cin8-mGFP concentration using polarity marked Alexa568-labeled microtubules (bright plus end, dim minus end). Time is shown in seconds. Bar: 5 µm. Conditions as in Fig. 3 .
